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Claims 2-10-05 | 

1 . (Currently Amended) Method of forming a hologram from a information containing | 
mask, comprising the following steps: 

- arranging a substrate bearing a layer of a holographic recording medium on a first 
face of a coupling element and in optical contact therewith; 

arranging a information containing mask in a spaced relationship and parallel to 
the substrate; 

generating an illumination light beam and then splitting the light beam into an 
object beam and a reference beam; 

directing the reference beam to a second face of the coupling element in a 
way that the condition for total internal reflection at the interface between the 
recording medium and the ambient medium is fulfilled 

- directing the object beam through the mask to the substrate such that it overlaps 
witii the reference beam in the holographic recording medium; 

fui ' tlier liidudiii g tlie steps of | 
employing a photoresist as the holographic recording medium; and 
arranging the planes of polarisation of the object and reference beams incident on 
the holographic recording medium such that their polarisation vectors are substantially 
mutually orthogonal in the holographic recording medium and such that the 
polarisation vectors of the incident and totally internally reflected reference beams are 
also substantially uilhogunal. 

orthogonal; and 

- thft ?step of employing a photorftstist inr.hiHey; ftmploying a pWorftgi g1 whogf» lay^r 
thirlcnftSR is Iprr tfian ^OOnm 

2. (Original) Method according to claim 1, characterized in that substantially only the 
transmission hologram is recorded in the holographic recording layer. 

3. (Currently Amended) Method according to claim 1, characterized in that a photoresist 
is employed whose refractive index at the e?qx)sure wavelength is greater than 1 .6-and | 
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pief e iably gieaici tliaii L7 . | 

4. (Previously Presented) Method according to claim 1, characterized in that the plane of 
polarisation of the object beam is at 45° to the plane of incidence of the reference 
beam at the holographic recording layer. 

5. (Previously Presented) Method according to claim 1, characterized in that the 
photoresist material is selected such that its thickness (d) and absorption (a) meet the 
condition 

a*d<l. 

6. (Previously Presented) Method according to claim 1, characterized in that the 
photoresist is selected such that its contrast described by its gamma-value satisfies the 
condition y< 3. 

7. (Previously Presented) Method according to claim 1, characterized in the photoresist 
is selected such that its resolution described by the smallest period of grating that can 
be optically recorded in the material is with a modulation depth (dmax - dmm)/ (dmax - 
dinin)> 25% satisfies the condition A< 200 nm. 

8. (Currently Amended) Method according to claim 1, characterized in that laser light of 

a wavelength below 30Qnm , and preferably of a wavelengtli b et ween 150 and 260 iini | 
for recording the hologram is used. 

9. (Previously Presented) Method according to claim 1, characterized in tiie polarisation 
angles are selected according to the refi:active index of the photoresist. 

10. (Currently Amended) Method according to claim 1, characterized in that a 
combination of polarisation angles of between 37 to 44° , preferably 39 ° for the 
reference beam and - -43 to -47° , piefeiably -45° for the object beam with respect to 
the plane of incidence are applied. 
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11. (Previously Presented) Metliod aeeording to claim 1, characterized in that tlie 
intensity of the reference beam exceeds tliat of tlie object beam. 

12. (Currently Amended) Method according to claim 1, characterized in that the intensity 
of the reference beam exceeds that of the object beam by a factor 2^ and p r ef e rably is 4 
rirrat least a factor 2. 

13. (Currently Amended) Method according to claim 1, characterized in that the intensity 
ratio of the ubject and reference nnd object beams is between 3: 1 and 5: 1 , aiid 
piefetably about 4: 1 . 

14. (Currently Amended) Method according to claim I, characterized in that the 
thickness of the photoresist layer is les s t lian 500 mn, pre fe ra b ly be t ween 100 and 300 
mil and must piefeiably between 200hetween 1 00 and 300 nm. 

15. (Previously Presented) Method according to claim 1, characterized in that the image 
recorded in the photoresist as surfece relief hologram is transferred into the substrate 
material by an etching process. 

16. (Previously Presented) Method according to claim 1, characterized in that the etching 
process is a plasma etching process. 

17. (Currently Amended) Method according to claim 1, characterized in that the 
illumination beam(5i) is scanned in a first direction snr.h that the referen ce nnH nhjert 



respectively , stepping the illumination(5^ beam in a second direction perpendicular 
to the first direction, and then scanning the beam (5 1) ini i mination beam again in the 
first direction and so on, such that the reference beam and object bea ms (75,74) travel 
simultaneously across thefirst face nrof the substrate^??) in optical contact with the 

ftrst fem^fane nf the coupling element 
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18. (Previously Presented) Method according to claim 1 characterized in that the gap 
between the holographic recording layer and the mask is determined, e.g. 
interferometrically, and then tlie distance between the hologram and the recording 
medium adjusted to a predetermined value. 

19. (Previously Presented) Method according to claim 1 characterized in that in the 
hologram reconstruction process the distance between the hologram and the substrate 
onto which the holographically recorded image is to be reconstructed is adjusted to 
the value as maintained between the holographic recording layer and the mask in the 
hologram formation process. 

20. (Currently Amended) Method according to claim 1 characterized in that the reference 
beam is directed to a second face of the coupling element in a way that the condition 
for total internal reflection at the interface between the recording medium and th& 
ambient medium is fulfilled and so that the angle of incidence of the beam in the 
recording layer is less than 45^ , preferably less ti ian 42^' and most preferably less tl i a n 
46^. 

21. (Currently Amended) Use of the method according to claim 1 for recording features 

of less than 1 i Hm, pr e ferably less than 0.5 Dm^j im contained in a mask in a hologram j 
for use in microlithography. 

22. (Currently Amended) Method of forming a hologram from a information containing | 
mask, comprising the following steps: 

- arranging a substrate bearing a layer of a holographic recording medium on a first 
face of a coupling element and in optical contact therewith; 

- arranging a information containing mask in a spaced relationship and parallel to 
the substrate; 

generating an illumination light beam and then splitting the light beam into an 
object beam and a reference beam; 
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directing the object beam through the mask to the substrate such that it overlaps 
with the reference beam in tlie holograpliic recording medium; 

ftii flter iitcludiiig t ii e s t eps of | 

employing a photoresist as the holograpJiic recording medium; 

directing the reference beam to a second face of the coupling element in a way that 
the condition for total internal reflection at the interface between the recording 
medium and the ambient medium is fulfilled and so that the angle of incidence of the 
beam in the recording layer is less than 45'^» piefer arbdy less tlian 42^ ' and 4 S£; 
most pi - eferably less than 40^; 

arranging the planes of polarisation of the object and reference beams incident on 
the holographic recording medium such that their polarisation vectors are substantially 
mutually orthogonal in the holographic recording medium and such that the 
polarisation vectors of the incident and totally internally reflected reference beams are 
also substantially uitliugunal. 

nTtViognnal; and 

- the step of m pi 03,-1 ng n photoreRist inrludeR employing a phntorRRist whose layer 
thicknesLR is less than 500nm. 

23. (Currently Amended) Method according to claim 22 characterized in that a 
photoresist is employed whose refractive index at the exposure wavelength is greater 
than 1.6 ajid p re fcraMy gi 'e ater tlian 1 .7 . | 

24. (Currently Amended) Method according to claim 22, characterized in that 

Riih«g^antially only the tmnRmiRsion hologram is rer.orded in the holographic. rer.orHing 
layer , 

25. (Currently Amflnded) Total internal reflection holographic recording apparatus for j 
recording a hologram from a mask, comprising 

an optical coupling element for receiving a substrate on a first face; 
- a substrate bearing a holographic recording medium, the substrate being in optical 
contact with said first face of the optical coupling element, 
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at least one light source for generating a light beam; 

optical means for generating a collimated light beam of a selected cross-section; 

means, e.g. a beam-splitter, fwism or the like, for generating two coherent light 
beams, a reference light beam and an object light beam; 

means for directing the reference light beam at a second face of the coupling 
element such that it illuminates the interface between the first fac e and the ambient 
me dium or t he interface te t ween a s ubs tr a te in op t ical contac t wi t h sa kh&rst 
feceholographic recording medium and the ambient medium at an angle greater than 
the critical angle; 

means for directing the object light beam at the first face of the coupling element 
such that it is aligned with the reference beam in the plane of the holographic 
recording medium on the substrate in contact with the first face; 

cliai ' ac t eiii.eil iii iliat j 

- the holographic recording medium is a photoresist; and 

means are provided for arranging the planes of polarisation of the obj ect and 
reference beams incident on th& holographic recording medium such that their 
polarisation vectors are substantially mutually orthogonal in the holographic recording 
medium and such that the polarisation vectors of the incident and totally internally 
reflected reference beams are substantially mthngnrCTf orthogonfll; and 
= said photoresiRt being a layer having a thickness less than ^OOnm 

26. (Currently Amended) App>aratus according to claim 25 characterized in that the at 
least one light source is a laser light source emitting light of a wavelength below 
3(X)nm , and piefeiably uf a u'dvelciigUi between abuut 150 and 260 xmi, and 
preferably betw ee n abou t 1 9 0 and 254 iim , 

27. (Previously Presented) Apparatus according to claim 25, characterized in that the 
photoresist material is such that its thickness (d) and absorption (a) meet the condition 
a*d< 1. 

28. (Previously Presented) Apparatus according to claim 25, characterized in that the 
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photoresist material is such that that its contrast described by its gamma factor 
satisfies the condition y < 3. 

29. (Currently Amended) Apparatus according to claim 25, characterized in that a 
combination of polarisation angles of between 37 to 44° . pix^ferably 39 °-for the 



30. (Previously Presented) Apparatus according to claim 25, characterized in that means 
are provided for adjusting the intensities of the object and reference beams such that 
the intensity of the object beam exceeds that of the reference beam. 

3 1 . (Currently Amended) Apparatus according to claim 25, characterized in that the 
intensity of the object beam exceeds that of the reference beam by at least of a factor 2 
piefuiably by a factui uf abuul4 . 

32. (Currently Amended) Apparatus according to claim 25, characterized in that the 
thickness of the photoresist layer is l e ss t lian 500 nm, preferably be t ween 100 and 30 6 




mn Aiu4 i i imt p i eferAl^ly I ' jetwee i i 200 hetween 100 and 300 nm. 

33. (Previously Presented) Apparatus according to claim 25, characterized in that means 
are provided for scanning and stepping the incident light beam in a raster scan across 
the beam splitting means in a first and in a second direction, respectively, such that 
the reference and object beams travel simultaneously across the first face or the 
substrate in optical contact with the first face; 

34. (Previously Presented) Apparatus according to claim 25 fiirther comprising 

- means for measuring the gap between the hologram and a wafer being arranged in 
a spaced relationship to the hologram; and 

- means for adjusting the parallelism and/or separation between the hologram and 
the wafer. 



reference beam and - 43 to -47**7-pr< 




for the object beam are applied. 
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35. (Previously Presented) Apparatus according to claim 25, further characterized in that 
the directing means for the reference light beam further arranges tliat the angle of 
incidence of tlie reference beam in the holographic recording layer is less than 45^7 
pr e f e rably less tiian 42^ and most preferably less t lian 40*^ . 

36. (Currently Amended) Apparatus according to claim 25 characterized in that the 
photoresist employed has a refractive index at the e^qx)sure wavelength of greater than 

1 . 6 atid preferably gi ' cater tlian 1 .7 . | 

37. (Currently Amended) Total internal reflection holographic recording apparatus or | 
system for recording a hologram from a mask, comprising 

- an optical coupling element for receiving a substrate on a first face; 

a substrate bearing a holographic recording medium, the substrate being in optical 
contact with said first face of the optical couphng element, 
at least one light source for generatii^ a light beam; 

optical means for generating a coUimated light beam of a selected cross-section; 

- means, e.g. a beam-splitter, prism or the like, for generating two coherent light 
beams, a reference light beam and an object light beam; 

means for directing the reference light beam at a second face of the coupling 
element such that it illuminates the interface between the first fac e and the ambi e nt 
medium or tlie interface b e tw e en a &ubstiate in uptical con t act with said fii&t 
faceholographic recording medium and the ambient medium at an angle greater than 
the critical angle; 

means for directing the object light beam at the first face of the coupling element 
such that it is aligned with the reference beam in the plane of the holographic 
recording medium on the substrate in contact with the first face; 

diat acteiked in Uiat | 

- the holographic recording medium is a photoresist; 

means are provided for arranging the planes of polarisation of the object and 
reference beams incident on the holographic recording medium such that their 
polarisation vectors are substantially mutually orthogonal in the holographic recording 
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medium and such tliat the polarisation vectors of the incident and totally internally 
reflected reference beams are substantially ortliogonal; and 

in that the directing means for the reference light beam further arranges that the 
angle of incidence of the reference beam in the holographic recording layer is less 
than 45^, preferably less tl ian 4yand mos t pre fe rably less tliaii 46^ 
4S^: and 

= said photoresist being a layer having a thickness lessi than SOOnm 

38. (Currently Amended) Apparatus according to claim :^7 ^ characteriyf^d in that the at 
least one hght source is a laser light source emitting light nf a wavelength hftlow 

3Q0nm, 

39. (Currently Amended) Hologram recorded in a recording medium according to claim 
1 ^ characterized in that a photoresist i s employed whose refrar.ti ve tnHev at the 
evposnre wavelength is greater tVian 1 
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